Résumé -L'état actuel de l'analyse des réactions pionique avec participation d'un deuton est passé en revue. En particulier sont discutées la diffusion élastique ird, la production ir en pp-dfr et les implications pour les résonances avec B=2.
INTRODUCTION
In this note we review our present understanding of the reactions involving a pion and a deuteron. We shall start with ird elastic scattering in order to illustrate and differentiate the sensitivities of the dynamics (Sec. 2). Numerous recent theoretical and experimental activities have concentrated on IT production and absorption channels. We shall therefore discuss (in Sec. 3 ) the elementary reaction pp-dir comparing advanced calculations with experiment and commenting on direct phase shift and amplitude reconstruction. Similarly we shall report on some recent results on the continuum reaction pp-irNN. Since the deuteron has baryon number two we shall briefly comment in Sec. 4 on the status of dibaryon resonances in reactions involving the pion.
PION DEUTERON ELASTIC SCATTERING
This reaction is helpful in clarifying some qualitative aspects of the underlying dynamics even if recent progress has been slow and an experimental puzzle remains. For the gross features we first show a comparison of the differential cross section /l to 4/ with theory ( Fig. 1) . The theoretical curves are from the Lyon group /5/ showing the results for an advanced Faddeev type multichannel scattering theory. Very similar predictions were obtained by Rinat et al /6/ and Blankleider and Afnan /7/. On the basis of Fig. 1 two conclusions can be drawn: (i) the forward cone (0 < 70°) is described almost perfectly. This regime corresponds to the peripheral part of the interaction where the long range properties of the TTN amplitude and of the deuteron wave function are probed. In fact even the impulse approximation describes this part of the dynamics quite well, comp. ref. /8/, e.g.
(ii) For larger angles we probe the regime of large momentum transfers and small distances. Theory is systematically too high for T^ > 180 MeV which is true also for refs. /6,7/. Our understanding of the intermediate and short range behaviour is therefore not perfect. The addition of heavy meson exchange by the Lyon group /9/ does not improve the situation. Note, however, that the cross section is suppressed by two
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The v e c t o r p o l a r i z a t i o n iTll b e i n g a pure i n t e r f e r e n c e e f f e c t of t h e t y p e I m AB* ( s e e /lo/ appendix) i s a q u a n t i t y s e n s i t i v e t o d e t a i l s , i n p r i n c i p l e even i n t h e forward cone. Yet t h e energy dependence p r e d i c t e d /5,6,7/ i s q u i t e smooth. The new h i g h q u a l it y d a t a of Smith e t a 1 /11/ ( s e e Fig. 2) show l e s s s t r u c t u r e a t T, = 256 MeV t h a n p r e v i o u s l y r e p o r t e d . There i s , however, s t i l l a s y s t e m a t i c d i s c r e p a n c y between t h e c a l c u l a t e d iTll of /5,6/ and experiment, p a r t i c u l a r k y I n t h e t r a n s i t i o n r e g i o n o f 40° < 6 < 100° from s m a l l t o h i g h momentum t r a n s f e r s . The d i s c r e p a n c y i s c o n s i s t e n t w i t h a 1~4 (2480) Argonne resonance c o n t r ib u t i n g w i t h s u b s t a n t i a l upper c o u p l i n g (L,=J+l) of t h e p i o n o r b i t a l a n g u l a r momentum /11/. Some s t r e n g t h f o r 1~2 (2200) lower c o u p l i n g i s a l s o r e q u i r e d i n /11/ b u t t h i s j u s t r e p r e s e n t s an adjustment of t h e l e a d i n g NA c o n t r i b u t i o n . G e n e r a l l y iTll i s not sens i t i v e t o t h e Argonne r e s o n a n c e s , i f lower o u p l i n g happens t o be dominating /8,12/. I n such a c a s e t h e r e a r e no o s c i l l a t i o n s y e t t h e resonances can be p r e s e n t w i t h t h e i r f u l l s t r e n g t h .
The t e n s o r p o l a r i z a t i o n t 2 0 i s b a s i c a l l y a l e s s s e n s i t i v e o b s e r v a b l e t h a n i T l l s i n c e i t s a l g e b r a i c s t r u c t u r e c o n s i s t s of a b s o l u t e s q u a r e s of h e l i c i t y amplitudes /lo/. Yet a v i o l e n t s t r u c t u r e has been r e p o r t e d a t a n g l e s of 120° and 150° f o r T, = 134 MeV by Griiebler e t a l . /13/ d i s a p p e a r i n g r a p i d l y w i t h i n some 2 0 MeV. The e x c i t a t i o n curve from a s i m i l a r experiment by Holt e t a l . /14/ i s f l a t f o r an i n t e r m e d i a t e a n g l e . The experiment by Gruebler i s f l a t t h e r e t o o , b u t t h e s i g n s of t 2 0 a r e c o n f l i c t i n g . The corresponding f i g u r e s have been shown repeat e d l y , s e e t h e reviews /15,16/. To r e s o l v e t h e c o n t r o v e r s y experiments a r e under way b o t h a t TRIUMF and SIN. Note t h a t on t h e t h e o r e t i c a l s i d e a simple admixture of a B r e i t Wigner resonance (of u n n a t u r a l p a r i t y , 1+, e.g.1 i s n o t l i k e l y t o reproduce t h e o s c i l l a t i o n s of t 2 0 u n l e s s some of t h e b i g g e r p a r t i a l waves a r e changed a s w e l l . Note a l s o t h a t a f i n e l y meshed s c a n around 134 MeV h a s n o t r e v e a l e d any s t r u c t u r e /17/ i n t h e h e a v i l y c o r r e l a t e d o b s e r v a b l e iTll, comp. /18/. The c o n f i r m a t i o n of such a s t r o n g l y energy dependent e f f e c t f o r t 2 0 would t h e r e f o r e be a r e a l c h a l l e n g e t o t h e o r y . Although we a r e d e a l i n g h e r e w i t h high momentum t r a n s f e r s such v i o l e n t e x c u r s i o n s a r e n o t l i k e l y t o occur i n t h e framework of c o n v e n t i o n a l one boson exchange dynamics.
For t h e c l o s e l y r e l a t e d r e a c t i o n ad-anp o l d /19/ and new measurements of t h e c r o s s s e c t i o n and t h e v e c t o r p o l a r i z a t i o n i n t h e q u a s i e l a s t i c r e g i o n a r e a v a i l a b l e /20,21/. Agreement w i t h t h e o r y /20,22/ i n t h i s p e r i p h e r a l regime i s good. The break-up channel i s i n p r i n c i p l e i n t er e s t i n g f o r a d i s c u s s i o n of t h e broad
Argonne resonances which should have a s t r o n g channel coupling. However, a major e x p e r i m e n t a l and theor e t i c a l e f f o r t , i n p a r t i c u l a r f o r t h e s p i n o b s e r v a b l e s would be needed.
PION PRODUCTION AND ABSORPTION CHANNELS
A remarkably r i c h and almost complete set of d a t a now e x i s t s f o r t h e s i m p l e s t IT p r o d u c t i o n channel pp-tdn ( e q u i v a l e n t t o ~d -t p p by time r e v e rs a l i n v a r i a n c e ) . A 
s i m i l a r e f f o r t h a s gone i n t o t h e o r e t i c a l c a l c ul a t i o n s t r y i n g t o p r e d i c t t h i s r e a c t i o n from dynamic p r i n c i p l e s w i t h o u t u n j u s t i f i e d approximations.
The r e a c t i o n i s i n t h e h i g h momentum t r a n sf e r regime even f o r forward a n g l e s s i n c e a pion has t o be c r e a t e d . W e s h a l l t r y t o i l l u s t r a t e t h e degree t o which c o n v e n t i o n a l dynamics i s The dynamical c a l c u l a t i o n s a r e of two k i n d s : a ) The m u l t i c h a n n e l s c a tt e r i n g t h e o r i e s r e f e r r e d t o i n t h e e l a s t i c channel a l s o p r e d i c t pp-da, s e e / 5 , 6 , 7 , 2 7 / , -b) a l s o a v a i l a b l e a r e c a l c u l a t i o n s based on r e l a t i v is t i c p e r t u r b a t i o n t h e o r y /23,26/ ( p i o n r e s c a t t e r i n g and s i n g l e neutron exchange w
i t h d i s t o r t i o n f a c t o r s a d d e d ) . I n b o t h c a s e s t h e two body i n f o r m a t i o n (nN-aN, NN-NN, t h e dpn v e r t e x f u n c t i o n e t c . ) i s i n p u t . T e c h n i c a l l y t h e two approaches a r e very d i f f e r e n t . I n Fig. 3 we show t h e d i f f e r e n t i a l c r o s s s e c t i o n s . Both t y p e s of c a l c u l a t i o n d e s c r i b e t h e shape q u i t e w e l l and i n b o t h c a s e s t h e s i z e of t h e c r o s s s e c t i o n i s c o n t r o l l e d by t h e range parameter i n t h e aNN v e r t e x f u n c t i o n . I n r e f s /5,6/ t h e p e r m i t t e d v a l u e s a r e r e s t r i c t e d by channel c o u p l i n g and t h r e e C2-322
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cos ow F i g u r e 3 D i f f e r e n t i a l c r o s s s e c t i o n s (CM) f o r pp+da compared t o experiment. The t h i c k s o l i d l i n e s a r e ;he r e s u l t s of Locher and Svarc /26/. The t h i n l i n e s a r e f o r i n c r e a s e d t r i p l e t s t r e n g t h , s e e

For t h e d a t a s e e t h e c o m p i l a t i o n s i n /26,31/. body u n i t a r i t y , t h e a b s o l u t e p r e d i c t i o n s t h e n a r e s l i g h t l y t o o low. I n t h e r e l a t iv i s t i c c a l c u l a t i o n /23,26/ t h e TN amplit u d e s have t o be e x t r a p o l a t e d o f f t h e masss h e l l s i n c e t h e r e s c a t t e r e d p i o n i s v i r t u a l .
The e x t r a p o l a t i n g procedure which i s used h a s been cross-checked by demanding a s i m u l t a n e o u 
) . Q u a l i t a t i v e l y , t h e c a l c ul a t i o n s a g r e e w i t h t h e g e n e r a l t r e n d of t h e d a t a f o r b o t h t y p e s of t h e o r y . I n r e f .
/ 2 6 / t h e remaining d i s c r e p a n c y i n A,, ( n o t e t h e f u l l range i s -1 < AzZ ( 1) h a s been
t r a c e d back t o m i s s i n g s t r e n g t h i n t h e t r ip l e t pp-waves. W e conclude t h a t t h e most complete c a l c u l a t i o n s t o t h i s d a t e d e s c r i b e t h e d i f f e r e n t i a l c r o s s s e c t i o n q u i t e w e l l b u t t h e f i n e r s p i n dependent p r o p e r t i e s of t h e r e a c t i o n only t o w i t h i n 10 % of t h e f u l l r a n g e o f t h e r e l a t i v e o b s e r v a b l e s . No v i o l e n t energy dependence i s p r e d i c t e d by c o n v e n t i o n a l dynamics n o r i s it observed i n any o f t h e s p i n o b s e r v a b l e s measured s o f a r .
W e have mentioned t h a t t h e d a t a s e t i s a lmost complete and w i l l a l l o w f o r a d i r e c t i n v e r s i o n of o b s e r v a b l e s i n t o h e l i c i t y a m p l i t u d e s a s a f u n c t i o n of energy and a n g l e i n t h e n e a r f u t u r e /24/. The program has been s t a r t e d by r e c o n s t r u c t i n g t h e O0 and 90° amplitudes by A p r i l e e t a l . /30/. Meanwhile t h e t r a d i t i o n a l a n a l y s i s i n t e r m s of p a r t i a l waves h a s a l s o been attempted i n a number of p a p e r s . Such a procedure i s p r e s e n t l y n o t p o s s i b l e w i t h o u t some (theor e t i c a l ) c o n s t r a i n t s . Watari /33/ f l o a t s a 1 t o a10 ( s e e Table I f o r n o t a t i o n ) and Lyon p h a s e s f o r h i g h e r p a r t i a l waves. Bugg e s s e n t i a l l y f l o a t s a 1 t o a 6 , and u s e s v a r y i n g s t a b i l i s i n g c o n d i t i o n s i n r e f s . /25,31,32/. F i g . 5 shows t h e Argand p l o t s f o r a2 ( t h e dominant 1~2 wave), f o r a. and a6 (of medium s i z e ) from t h e f i t s by Bugg /31,32/ t o g e t h e r w i t h t h e t h e o r e t i c a l pred i c t i o n of /26/. Argand diagrams f o r t h e Watari s o l u t i o n s a r e n o t r e a d i l y comparable s i n c e a f l o a t i n g phase convention f o r c i n g a2 t o b e r e a l a t a11 e n e r g i e s i s used. H i s s o l u t i o n s a r e c e r t a i n l y d i f f e r e n t from Bugg's, comp. Table I . I t i s obvious t h a t t h e f i t s a r e n o t y e t s t a b l e b u t t h e r e i s hope t h a t t h e s i t u a t i o n w i l l improve when t e n s o r p o l a r i z a t i o n s and s p i n t r a n s f e r obs e r v a b l e~ w i l l be measured. The t h i n s o l i d l i n e s a r e f o r i n c r e a s e d pp t r i p l e t s t r e n g t h i n o r d e r t o f i t A,, and Ayy a t 800 MeV /26/.
A r e c e n t a n a l y s i s of t h e t h r e e body r e a c t i o n pp-aNN h a s been given i n /29/. The Deck model (one pion exchange) w e l l d e s c r i b e s t h e c r o s s sect i o n f o r t h e d i f f e r e n t charge channels ( F i g . 6) e x c e p t f o r a d e v i a t i o n n e a r p~ = 1 . 5 GeV/c. T h i s d i s c r e p a n c y a l s o shows i n t h e i n e l a s t i c l o n g i t u d i n a l c r o s s s e c t i o n d i f f e r e n c e ~o i n e l which i s dominated by t h e pp-TNN channel and s e n s i t i v e t o s p i n t r i p l e t pp c o n t r i b u t i o n s . The d i ff e r e n c e can be e x p l a i n e d by adding a 3~3 ( 2 2 3 0 ) resonance w i t h r=120 t o 150 MeV. For p o l a r i z e d d i f f e r e n t i a l c r o s s s e c t i o n s analysed a l o n g s i m i l a r l i n e s , s e e /35/. U l t i m a t e l y , a comprehensive a n a l y s i s i n c l u d i n g more complete s p i n i n f o r m a t i o n i n t h i s and o t h e r c h a n n e l s w i l l d e c i d e about t h e c o r r e c t n e s s of such a p i c t u r e .
. DIBARYONS
To a high degree t h e i n t e r e s t i n ~d r e a c t i o n s over t h e l a s t y e a r s was s t i r r e d by t h e problem of dibaryon resonances. Numerous s t a t e s i n t h e B=2 s e c t o r have been p r e d i c t e d on t h e b a s i s of bag models /36,37/. However, most of them a r e expected t o be very broad and hence d i f f i c u l t t o o b s e r v e , p a r t i c u l a r l y s i n c e t h e c o u p l i n g t o d e u t e r o n channels i s presumably v e r y suppressed due t o poor o v e r l a p w i t h s i x quark s t a t e s /38/. On t h e o t h e r hand, some of t h e s e s t a t e s might be t r u l y e x o t i c Broad s t a t e s (l?>120 MeV), l i k e t h e Argonne c a n d i d a t e s i n pp s c a t t e r i n g , a r e presumably p r e s e n t i n ad r e a c t i o n s . I n Sec. 2 and 3 we have shown s o l u t i o n s which a r e c o n s i s t e n t w i t h c o n t r i b u t i o n s from 3~3 ( 2 2 3 0 ) and l~~(2480). Note, however, that resonance loops driven by the NA intermediake state must be considered as trivial background (mostly in the 1~~ wave). Moreover, these broad states are certainly describable both in the eonventional language involving colorless (heavy) meson exchange or in hybrid models /39,40/ where the interior is described by bag models and quarks (unfortunately the predictive power of these models is quite limited since the relation to the underlying QCD lagrangian is very loose). As far as the deuteron itself is concerned there are descriptions for scattering at high momentum transfers /41,42/ which require genuine 6-quark admixtures in the wave function. In all this, however, there is always the danger of identifying deficiencies of conventional descriptions with exotic dynamics.
A more direct evidence for exotic dynamics would be the discovery of truly narrow structures (r<10 to 20 MeV) in the B=2 sector. Unfortunately, several finely meshed searches were not successful. See the 900 excitation function for ad+pp and the analysing power Ayo(180) in $d+p(pn) /43/ or the scan of np total cross sections between 50 and 800 MeV /44/. Some positive indications exist as well: we have mentioned the possibility of a narrow structure in t20 for nd elastic scattering (and some difficulties of interpretation). Narrow structures
